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Discusser:Yezhen Pang 

Affiliation:China Ship Scientific Research Center 

Comments/Question(s):  

First, many thanks for the excellent work of the Specialist Committee on Hydrodynamic Noise. 

There are two comments about the committee final report: 

(1) Regarding the source of noise 

In Figure 2 are shown the potential sources of ship generated underwater noise.  

As known, the stern hull is vulnerable to the fluctuation of pressure mainly resulted from 

cavitation of propeller and thereof vibrates and emits noise strongly. Is it better to show such a 

source of noise individually in Fig.2? 

(2) Regarding the Lloyd-mirror effect  

The equation (7) is applicable to single hydrophone case as included in ISO 17208-1. 

Recently, the draft of ISO 17208-2 has proposed a second-order correction equation as fol-

lows for hydrophone geometry of three-hydrophone case to consider the propagation of the Lloyd-

mirror effect, 

∆𝑃𝐿 = −10𝑙𝑜𝑔10

14(𝑘𝑑𝑠)2 + 2(𝑘𝑑𝑠)4

14 + 2(𝑘𝑑𝑠)2 + (𝑘𝑑𝑠)4
 

Response by Committee: 

The committee thanks Dr. Pang for his useful comments to the report on Hydrodynamic noise.  

Comment 1)  The impact of propeller cavitation as a source of stern hull plating vibration has 

been extensively studied and reported on in numerous ITTC publications. While the principal interest 

has been related to resulting plating fatigue/failure and inboard noise and vibration, noise radiated by 

hull vibrations excited by propeller cavitation can also be a source of underwater noise and could 

have been mentioned in the figure. However, unless special testing procedures are implemented to 

uniquely identify such noise mechanisms, such noise is indistinguishably blended in with cavitation 

noise and its levels are an order of magnitude smaller. That is unless the issue is fundamental hull 

modes that may provide strong amplification of cavitating noise at specific frequencies. As there is 

very little information available, this topic has not been addressed in the report and we consider it as 

part of the propeller cavitation noise. The topic of hull scattering is discussed in section 6.2 of the 

report.    

Comment 2)  As far as known to the committee, standard ISO 17208-2 has not yet been officially 

released and the Committee is very reluctant to use information from draft reports of other organiza-

tions in the ITTC report. As part of our review of activities by other organisations we have only 

referred to the character of the activities performed by ISO working groups. However, the equation 

will appear in the discussions section of the report where it is a welcome addition. To clarify your 

equation a bit more, we like to add the comment that in your equation k corresponds to the acoustic 

wave number (k=2πf/c) and ds to the depth of the acoustic source and that the coefficients have been 
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tuned for the hydrophone depths as specified in ISO 17208-1 assuming a flat free surface. For other 

hydrophone depths the equation might not be valid and the coefficients may need to be adjusted.  

Discusser:Jerzy Matusiak 

Affiliation:Aalto University 

Comments/Question(s):  

I congratulate the committee for the excellent report. I have a question and a comment related to 

the earlier question.  

My question relates to the presented figure with power spectral densities of pressures measured 

at 10m and 90m water depths. What was the water depth in this case? What model of noise propaga-

tion (cylindrical or spherical) was used? 

Regarding to the earlier question, my experience is that measuring shell plating vibration at ship 

stern and looking into the measured pressure, the one can define a transfer function which allows to 

look into the effect of ship vibration on measured pressures. 

Response by Committee: 

The committee thanks Dr. Matusiak for his discussion to the report.  

Question 1: 

The mentioned figure corresponds to the figures on sheet 25 of the presentation. The figures 

were taken from the paper by Humphrey, V., Booker, A., Dambra, R. and Firenze, E. (2015). “Vari-

ability of underwater radiated ship noise measured using two hydrophone arrays”. Oceans 2015 

Conference, Genova, Italy. The water depth was approximately 100 m and the range correction was 

made using spherical spreading loss.  

Response on second remark: 

The committee appreciates the opportunity to comment on a topic not addressed in the report 

which is also related to another question that has been submitted. The committee considered the po-

tential significance of hull vibration as a source of underwater noise. Based on a literature review, it 

was not clear that this source of noise was considered significant, particularly for commercial vessels 

at speeds that the propellers are cavitating, which was the primary focus of the committee’s attention. 

The committee agrees with Dr. Matusiak that based on a vibration-to-noise transfer function, plating 

vibration levels can be used to estimate this source of underwater noise. The challenge to this effort 

is in developing the transfer function which would entail use of mechanical shakers at static tests 

during which the underwater noise is measured or computational tools. These transfer functions have 

been determined for the underwater noise related to machinery induced hull plate vibration but rele-

vant information on cavitation induced vibration could not be found. This is a topic that should be 

addressed once publications are available demonstrating its importance. 

Discusser:Gerhard Strasser 

Affiliation:AC Chairman 

Comments/Question(s):  

Do you agree that ITTC make an informative submission to IMO (MEPC)? 
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Response by Committee: 

The committee thanks Dr. Strasser for his discussion to the report.  

The ITTC can indeed make an informative submission to the IMO-MEPC and present the 

knowledge and capabilities of the community. However, before submission we recommend to im-

prove upon the model-scale guidelines by extending the section on the determination of the transfer 

function and to convert the guideline into a procedure. The Committee likes to stress that the ITTC 

full scale noise measurement guidelines are not a standard for performing full scale noise measure-

ments but rather a description of aspects involved.  

Discusser:Michele Viviani 

Affiliation:University of Genoa 

Comments/Question(s):  

Thank you for the comprehensive and very interesting presentation. 

I have a question regarding scaling issues. You have shown that there are conditions which we 

cannot reproduce in model scale. Nevertheless, it is still very important to have the capability to 

perform some prediction in full scale, especially for some ships in which tip vortex is the only cavi-

tating phenomenon. 

Do you think that the use of multiple measurements in off design conditions could be used to 

this scope, generating generalized spectra, with which we may obtain a prediction? 

Response by Committee: 

The committee thanks Dr. Viviani for his discussion to the report. 

At present there is no established procedure to account for the delay of model scale cavitation 

inception of tip vortex cavitation in noise measurements of propellers. Adjusting the cavitation num-

ber in the test-facility while keeping the thrust coefficient identical to the ship operating point seems 

a logical choice. The use of multiple measurements, involving changes in cavitation number and pos-

sibly changes in thrust coefficient, to obtain trends seems worth while pursuing. 

Discusser:Mario Felli 

Affiliation:CNR INSEAN 

Comments/Question(s):  

My comment is related to noise source identification and underlying mechanisms of noise gen-

eration which, in my opinion, deserve some attention by the committee. 

It is frequent, in my experience at least, that a shipyard (or a navy) comes with a problem related 

to noise source identification and to the associated noise generation mechanisms (e.g hydrodynamic 

noise problems associated with installation effects, cavitation, manoeuvring operations) and ask for 

a solution to fix it. In most of these cases, answers are claimed in a relatively short time. 

There is no doubt that CFD is not yet ready to address these problems, particularly when complex 

hydrodynamics is concerned (cavitation, unsteady operations, installation effects). On the contrary, 

the adoption of unconventional experimental techniques such as e.g. those devised in the aeronautical 
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experimental field for the study of jet noise & rotor noise (e.g. conditional techniques, scanning tech-

niques, near-far field cross correlation techniques) has been proved to be the only effective way to 

address the problem both in model scale (see e.g. Felli et al.(2014)[1] on Experiments in Fluids and 

Felli et al.(2015)[2] on Ocean Engineering) and in full scale (I recently read some interesting papers 

from a Korean group). I mean these approaches deserve to be mentioned in the Committee Report, 

the identification of the underlying mechanisms of noise generation and propagation being a relevant, 

topical issue with many practical implications. 

[1] Felli, Grizzi, Falchi “Novel approach for the isolation of the sound and pseudo-sound con-

tributions from near field pressure fluctuation measurements: Analysis of the hydroacoustic and hy-

drodynamic perturbation in a propeller-rudder system” Experiment in Fluids 55(1) page 1651, 2014. 

[2] Felli, Falchi, Dubbioso “Experimental approaches for the diagnostics of hydroacoustic 

problems in naval propulsion” Ocean Engineering 106, 1-13,2015. 

Response by Committee: 

The committee thanks Dr. Felli for his discussion to the report. 

A review of novel experimental methods for acoustic source localization is indeed not given in 

the report. The topic was not explicitly mentioned in the Terms of Reference and the workload for 

the Committee was too high to consider additional activities. However, the topic is very relevant for 

underwater noise measurements and we provide a concise review of some recent literature below. We 

suggest that the 29th Specialist Committee on Hydrodynamic Noise considers this relevant topic in 

more detail. 

Localizing sound sources in a cavitation tunnel that contains a reverberant test-section can be 

performed by processing data from an array of hydrophones. Park et al. (2009) use match field pro-

cessing in which the measured noise from a cavitating propeller is weighted by a transfer function 

and an objective function is defined by summing over all frequencies and array transducers. The 

transfer function is measured by positioning a calibrated sound source at a large number of locations 

in the propeller disc and measuring the resulting noise by the array. The cavity could be identified 

but some other noise sources were present as well. Chang and Dowling (2009) successfully apply 

straight ray propagation and a Monte-Carlo technique to localize collapsing cavitation bubbles in a 

highly reverberant (small) cavitation tunnel. Lee et al. (2012) show validation tests for a time differ-

ence of arrival method using calibrated noise source. The final goal is to localize singing on rotating 

propeller blades in model experiments. Park (2016) apply beamforming to results obtained with an 

acoustic array of 45 hydrophones in a large cavitation tunnel to localize the acoustic center of propel-

ler related noise. The acoustic centre of a cavitating propeller operating in the wake of a tanker for 

conditions with either dominant sheet cavitation or tip vortex cavitation was in good agreement with 

visual observations of maximum cavitation extents.  

The use of hull-mounted sensors to localize the cavitation has also successfully been performed. 

Van Wijngaarden and Brouwer (2006) and van Wijngaarden (2011) analyze blade rate frequency 

components using an acoustic boundary element method and search for the location and strength of 

a single monopole by which the measured data by pressure sensors is reproduced. Kim et al. (2015) 

use a broadband matched field inversion method to localize incipient tip vortex cavitation noise in 

the propeller disc. Use is made of a few hydrophones located in the hull directly above the propeller. 

Foeth and Bosschers (2016) use beamforming techniques to localize cavitation noise sources and 

estimate the source strength. Use is made of arrays of pressure sensors located above the propeller. 

Data is presented for model tests in the depressurized wave basin and for sea trials. 



 

Specialist Committee on Hydrodynamic Noise 

416 

Felli et al. (2014)  use wavelet filtering to separate hydrodynamic pressure variations from hy-

droacoustic pressure variations on a rudder behind a non-cavitating propeller. The rudder was 

equipped with a large array of pressure sensors. The hydrodynamic perturbations were caused by the 

propeller tip and hub vortices and the acoustic perturbations were correlated with the load variations 

of the rudder and the shear layer fluctuations of the propeller wake.  

In Felli et al. (2015), two experimental approaches are presented for the analysis of hydroacous-

tic problems concerning with an isolated propeller, a propeller operating in the wake of a surface ship, 

and an open-water propeller-rudder system.  The first approach provides a direct estimate of the flow 

phenomena at the origin of sound generation and emission through the direct pressure fluctuation 

measurements combined with detailed flow measurements in the proximity of the noise source; the  

latter approach, quite unconventional and for the first time applied in the field of ship hydrody-

namics, is based on the application of Tomographic PIV in combination with acoustic analogies. Both 

methodologies prove to be effective in terms of understanding the noise generation mechanism.  

References: 

Chang, N.A. and Dowling, D.R., 2009, “Ray-based acoustic localization of cavitation in a highly 

reverberant environment”. J. Acoustical Society of America, vol. 125 No. 5. 

Felli, M., Grizzi, S., and Falchi, M., 2014, “Novel approach for the isolation of the sound and 

pseudo-sound contributions from near field pressure fluctuation measurements: Analysis of the hy-

droacoustic and hydrodynamic perturbation in a propeller-rudder system” Experiment in Fluids 55(1) 

page 1651. 

Felli, M., Falchi, M., Dubbioso, G., 2015, “Experimental approaches for the diagnostics of hy-

droacoustic problems in naval propulsion”, Ocean Engineering 106, Pages 1-19. 

Foeth, E.J. and Bosschers, J., 2016, “Localization and source-strength estimation of propeller 

cavitation noise Using hull-mounted pressure transducers”, 31st Symposium on Naval Hydrodynam-

ics, Monterey, California, USA.  

Kim. D., Seong, W., Choo, Y., and Lee, J., 2015, “Localization of incipient tip vortex cavitation 

using ray based matched field inversion method”, Journal of Sound and Vibration, Volume 354, 

Pages 34-46 

Lee, J., Rhee, W., Ahn, B.-K., Choi, J.-S. and Lee, C.-S., 2012, “Localization of singing noise on 

marine propellers using TDOA (Time Difference of Arrival) method”. 29th Symposium on Naval 

Hydrodynamics, Gothenburg, Sweden. 

Park, C., Seol, H., Kim, K. and Seong, W., 2009, “A study on propeller noise localization in a 

cavitation tunnel”. Ocean Engineering Vol. 36. 

Park, C., Kim, G.-D., Park, Y.-H., Lee, K. and Seong, W. 2016, “Noise Localization Method for 

Model Tests in a Large Cavitation Tunnel Using a Hydrophone Array”, Remote Sensing, Vol. 8, No. 

195. 

van Wijngaarden, H.C.J. and Brouwer J., 2006, “A spatial extrapolation technique for sparse 

measurements of propeller-induced hull-pressures using an inverse acoustic boundary element 
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method”, Proc. sixth int. symposium on cavitation, CAV2006, September 2006,Wageningen, The 

Netherlands. 

van Wijngaarden, H.C.J. 2011, “Prediction of propeller-induced hull-pressure fluctuations”, 

PhD thesis, Delft University of Technology. 
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